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Introduction 
• First soft landing on the Moon: Luna 9 (1966) 
 
• Many flights in the following years but no sustainable 
presence achieved. 
 
• Regain in interest with ESA: “Moon Village” initiative 
 
• For a sustainable presence on the Moon a cost effective 
transportation system is required 
 
 A non “brute-force” system is needed. 
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Overview 
• General concept 
 
• Cis-lunar orbits 
 
• RTLV and RLRV design 
 
• Propellant management concept 
 
• Preliminary performance results 
 
• Conclusions 
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General concept 
• Six main ideas 
• Use of turbo-pump fed cryogenic engines 
• Use of ISPP for LOx and optionally for LH2 
• Staging not necessarily in LLO 
• Implementation of reusability 
• Use of an advanced propellant management system 
• Use of in-space propellant transfer 
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Cis-lunar staging orbits 
• In addition to LLO, other orbits in the Earth-
Moon system could have some advantages: 
• Halo orbit about EML1 
• Selenocentric Distant Retrograde Orbit 
• Near-Rectilinear Orbit    
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RTLV: Reusable Trans-Lunar Vehicle 
• Separate integral tank architecture 
 
• Shell design for the LH2 tank 
 
• Thin aluminium layer as bumper and sun 
protection in front of the tank walls 
 
• Adapters derived from IDSS 
 
• Advanced propellant management system with 
APU reusing boil-off propellant 
 
• SI between 13.5% and 6% for tankages 
between 20 tons and 120 tons 
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RLRV: Reusable Lunar Resupply Vehicle 
• Same characteristics as for the RTLV 
 
• Preliminary mass breakdown refined with: 
• Landing load cases 
• Landing dynamic 
• Corresponding landing gear 
• Structural optimisation over a large propellant 
tankage range 
• Improved thermal protection concept for the tanks 
 
• Structural index 16.5 % and 8% for tankages 
between 20 tons and 120 tons 
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Propellant management system concept 
• Use of the boil-off propellant to run an APU, it 
provides: 
• Power 
• Hot gas for RCS 
• Small thrust for settling 
• Pressurisation gas 
• Ease re-ignition 
 
• Use of in-space refuelling: 
• Settling perform with low thrust 
• Reversible and androgynous docking system 
 
• Thermal protection 
• Sun shield 
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Preliminary performance results LOx & LH2 (ISPP) 
• Option 1: 2 RLRV resupply 1 
RTLV to get 10 tons payload in 
LEO 
 
• Option 2: 4 RLRV resupply 2 
RTLV to get 10 tons payload in 
LEO 
 
• Option 3: Expendable vehicles 
based on the design of the 
RTLV and the RLRV  
www.DLR.de  •  Chart 9 > Etienne Dumont > IAC-17 – D2.3.1 > 2017_09_27 
0
50000
100000
150000
200000
250000
300000
350000
400000
O
pt
io
n 
1
O
pt
io
n 
2
O
pt
io
n 
3
O
pt
io
n 
1
O
pt
io
n 
2
O
pt
io
n 
3
O
pt
io
n 
1
O
pt
io
n 
2
O
pt
io
n 
3
O
pt
io
n 
1
O
pt
io
n 
2
O
pt
io
n 
3
O
pt
io
n 
1
O
pt
io
n 
2
O
pt
io
n 
3
O
pt
io
n 
1
O
pt
io
n 
2
O
pt
io
n 
3
O
pt
io
n 
1
O
pt
io
n 
2
O
pt
io
n 
3
M
as
s 
to
 b
e 
la
un
ch
ed
 in
 L
EO
 [k
g]
50 tons P\L
40 tons P\L
30 tons P\L
20 tons P\L
10 tons P\L
1st flights of RLRV
and RTLV (no P\L)
LLO EML1s EML1l EML1ld SDRO NROp NROe
C
op
yr
ig
ht
  b
y 
D
LR
-S
A
R
T.
 
Conclusions 
• A transportation system concept for sustainable lunar exploration has 
been proposed. It is made out of two vehicles with numerous 
synergies. 
• Both vehicles are reusable giving a high flexibility to the 
transportation system 
• Reusability in combination with ISPP reduction of the payload in 
LEO by 2.5 
• New development costs could lead to much higher savings during 
operations 
• Future work: more accurate analyses of the advanced propellant 
management system, optimisation of the operational strategy  
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Questions? 
